ABSTRACT Eleven children are reported who had stenosis under a malposed aorta with gradients of 20 to 76 mm Hg between the right ventricle and aorta. The subaortic obstruction was caused by hypertrophy of the foreshortened infundibulum and malalignment of the infundibular septum relative to the remainder of the ventricular septum. Of these 11 patients, nine had a ventricular septal defect and seven had coarctation of the aorta. Rightward deviation of the infundibulum and aorta produced an unusually long left main coronary artery that was compressed by the stent of a bioprosthetic conduit valve in one patient. Serial cardiac catheterization studies in four patients showed progressive stenosis in each. Subaortic stenosis can develop in patients with malposition of the aorta and the frequency may be greater than 5% since milder forms are likely to occur. The obstruction can be progressive. The left coronary artery may be particularly vulnerable to compression after operative repair with an extracardiac conduit.
EXTENSIVE experience has been reported regarding most of the cardiac anomalies associated with transposition of the great arteries (TGA), including ventricular septal defect,'13 patent ductus arteriosus,4 and pulmonary stenosis.5-7 Cases of subaortic stenosis have previously been reported,8 but this anomaly has not been as well characterized. Here we report our findings in 11 patients with subaortic obstruction caused by a hypertrophied and malaligned conus.
Subjects and methods
Eleven patients were identified who each had (1) two ventricles, (2) aorta related to the right ventricle, and (3) a right ventricular-to-aortic gradient of over 19 mm Hg. Ten of the 11 patients had D-TGA and were selected from a total group of 214 patients with TGA; one of the 11 had double-outlet right ventricle (DORV) and was selected from a group of 34 patients with DORV. Clinical data on the 11 patients are listed in table 1. No patient had valvar aortic stenosis. Postmortem examination was possible in three of the eight children who died.
Results
Hemodynamic findings. Gradients across the right ventricular outflow tract ranged from 20 to 76 mm Hg. In some patients with widely patent ductus arteriosus, a gradient was not detected until the ductus was ligated ( Angiographic findings. Angiographically, the subaortic obstructions appeared similar but varied in degree amon,g the 11 patients. Dynamic subaortic obstruction resulted from circumferential infundibular hypertrophy with both septal and free wall involvement (figure 1). In most cases, the infundibulum appeared foreshortened and deviated to the right. The aortic valve cusps were normal in 10 patients and were irregularly thickened but normally mobile in one.
Among eight patients with large ventricular septal defects, seven had malalignment of the sinus septum with the parietal band. The one child with DORV (table 1, patient 4) had superoinferior ventricles and multiple defects in the interventricular septum.
Coarctation of the aorta was discrete in five and associated with segmental hypoplasia in two patients The aorta was unusually rightward for transposition specimens, restulting in a long main left coronary artery. In one patient (table 1, patient 1) in whom an external conduit was inserted, the stent of the valve compressed the left coronary artery ( figure 5, B) .
Discussion
D-TGA may be complicated by associated anomalies such as ventricular septal defect and pulmonary stenosis. Subaortic stenosis has not been previously re xwgnized as a potentially important and relatively common associated anomaly. We identified 10 of 214 of our D-TGA patients as having this condition and the incidence would have been higher if we had included patients with subaortic gradients less than 20 mm Hg.
From an anatomic perspective, subaortic stenosis is PATHOPHYSIOLOGY AND NATURAL HISTORY-CONGENITAL HEARIFDISEASE subaortic stenosis was also observed even when the ventricular septum was intact. Foreshortening and lateral deviation of the infundibulum also contributed to obstruction. It may be tempting to interpret the conditions of our patients as tetralogy with transposition, but the geometry of the intundibular septal malalignmnent was clearly different in our patients than in classic tetralogy of Fallot.' During embryogenesis in the patient with DORV the subpulmonary conus was resorbed but the subaor- A. RV septumII is producing the sentricular septal defect. There is marked hypertrophy of the VS. tic conus was not. This rare variant of DORV dramatically illustrates the fact that the primary disorder resides in the conus. whether deviated rightward as in the patients with TGA (figure 1), or leftward as in the patient with DORV ( figure 1, D) .
Coarctation of the aorta was present in seven of 11 patients; in six of these seven, a large ventricular septal defect was also present. We believe that lateral deviation of the parietal band is related to all of these TGAassociated defects. AlthouTh the lateral deviation was produces the subaortic stenosis and the ventricular septal defect) decreases intrauterine transascending aortic blood flow so that the stimulus to promote aortic growth is diminished.3 14 While the severity of the obstruction was often reflected in the magnitude of the subaortic pressure gradient, some patients had mild gradients when the obstruction appeared severe angiographically. In such patients. one must be aware of the associated conditions that affect the gradient: a large ventricular septal defect, patent ductus arteriosus. or coarctation of the aorta may decrease the subaortic gradient while con- more, pulmonary artery banding may induce infundibular hypertrophy, exacerbating the obstruction. Since clinical and electrocardiographic signs may not accurately reflect the severity of stenosis, repeated echocardiographic imaging or cardiac catheterization is necessary to follow the patient with subaortic obstruction.
When considering options for surgical repair of sub aortic stenosis, excision of portions of the infundibular septum and free wall may be indicated; if the right ventricle is to remain the systemic ventricle, the reseclion should be accomplished through the aortic and tricuspid valves. The tissue to be resected is well away fromn the conduction system, and the development of surgically induced heart block would therefore be very unlikely. However, excessive resection of the infundibular septum could weaken the muscular support of 
